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WIDE DYNAMIC RANGE IMAGE 
CAPTURING SYSTEM METHOD AND 

APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates generally to image 
capturing systems, and, more particularly, to increasing the 
dynamic range of image sensing devices, such a CMOS 
pixel circuits, having limited dynamic range. 
[0002] Digital cameras and other electronic image captur 
ing systems have become increasingly common. In such 
systems, photographic ?lm is replaced by an array of photo 
sensors. Although such systems have a number of advan 
tages With respect to ?lm based system, they typically lack 
the dynamic range of photographic ?lm. 
[0003] A common type of image sensing element uses 
CMOS active picture elements. Such image sensor devices 
of the CMOS active picture element variety rely on having 
an image sensing area divided into a large number of 
photosensitive areas, or pixels. These areas produce an 
output signal determined by the light incident on the physi 
cal location of the pixel, With the pixel information being 
read out to a set of external electronics folloWing a prede 
termined scanning sequence. Random addressing, sequential 
addressing, or some combination of the tWo may be used. A 
typical pixel circuit using three transistors is shoWn in FIG. 
1. 
[0004] In FIG. 1, the diode D1 is normally biased in its 
reverse direction, so that if it is previously charged to a 
voltage, photons impinging on the diode Will produce car 
riers Which discharge its terminal voltage as seen at Wire 3. 
Transistor M1 serves as a reset transistor for recharging the 
diode voltage. When the roW voltage VRES on Wire 1 is 
taken in a suf?ciently positive direction, it causes conduction 
in transistor M1 and charges the diode voltage toWards the 
voltage VDD on Wire 4. This reset action is normally 
initiated at the start of a time When the diode Will be used to 
accumulate photon information about the impinging light’s 
intensity. 
[0005] After a predetermined exposure time, the light 
intensity information for this pixel is read out by using the 
transistors M2 and M3. Transistor M2 serves as a source 

folloWer, With the voltage on its source at 5 being a function 
of the diode voltage at 3. The voltage source VDD on Wire 
4 provides a current to operate the source folloWer. When the 
particular roW of pixels containing this pixel is selected for 
readout, the roW voltage VSEL on Wire 2 is taken in a 
positive direction, turning on transistor M3. Transistor M3 is 
usually operated as a sWitch, to connect the source terminal 
of M2 to the readout column line 6. A current sink I at the 
end of the column line provides operating current for the 
source folloWer M2, so that the output voltage on the column 
line VOUT Will be proportional to the voltage on the diode 
at 3. 

[0006] After the intensity information is read out and is no 
longer needed, the roW reset input VRES may be activated 
to cause the pixel voltages to be restored to the value 
representing Zero light intensity. In addition to functioning 
as a reset transistor, M1 may also be used to limit the loWer 
voltage to Which Wire 3 may descend. This prevents diode 
D1 from becoming Zero or forWard biased, and therefore 
prevents the injection of minority charges into the substrate. 
Charges injected into the substrate may di?‘use to adjacent 
pixels, causing spreading or blooming in the image of bright 
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image spots. In many systems, this anti-blooming feature is 
used to hold the pixel voltages at their loWer level until the 
reset action is initiated to prepare for a neW image exposure. 
[0007] For simple image sensor usage, the pixel in FIG. 1 
may be formed into an array of cells With control and 
readout circuitry surrounding it on a single silicon integrated 
circuit. FIG. 2 shoWs an exemplary tWo-dimensional image 
sensor conceptual diagram. 
[0008] In the tWo-dimensional imager of FIG. 2, a rect 
angular area 10 is populated With an array of pixels such as 
those shoWn in FIG. 1, With some of the roW and column 
Wires shoWn for clarity. Control logic 11, primarily located 
at an edge of the pixel array, operates the VSEL and VRES 
Wires for each roW of the pixel array. Counters, gates, and/or 
shift registers in this logic generate the control signals 
needed to folloW the desired pixel readout sequence. When 
a pixel roW is selected, the information from it goes to the 
readout circuitry 12, as signals on the columns Wires 13. The 
resulting pixel information is output on 14 as either analog 
or digital signals as needed. 
[0009] For normal sequential scanning, the control logic 
11 activates one roW reset signal VRES at a time, folloWing 
a linear scan pattern descending from the top of the pixel 
array 10 to the bottom. Consider for this example that at the 
time of interest, the VRES signal is being applied to roW A. 
At the same time, the control logic also sends the select 
signal VSEL to a different roW, Which We may choose to be 
roW B in this example. The pixel information from roW B 
Will then be sent to the readout circuitry 12 on the entire set 
of column Wires, of Which 13 is an example, and the readout 
circuitry Will choose Which column information to send out 
on the connection 14. 

[0010] The total pixel exposure interval for a roW of image 
sensor pixels is determined by the delay time betWeen the 
application of a ?rst VRES and a second VRES to a 
particular pixel roW. During this time period the light 
illuminating the image sensor is not interrupted. The amount 
of sensor pixel roW exposure per interrogation cycle interval 
is determined by the delay time betWeen the application of 
the VRES and the VSEL to a particular sensor pixel roW. If 
roWs are being scanned in a regular periodic manner, this 
time interval Will be determined in turn by the roW number 
spacing betWeen roW A and roW B. Thus the amount of time 
the image sensor is exposed to light Will be a function of the 
roW timing delay betWeen the roW reset action and the roW 
readout action as determined by the control logic. Image 
readout from a different roW, such as roW C With a different 
relative location, Will give different e?fective image expo 
sure time. 

[0011] Although this discussion is based on one of the 
simpler three transistor cells in use, this con?guration exhib 
its the sort of limited dynamic range due to saturation that is 
also found in the various other image sensing element 
designs knoWn in the art. Compared to the dynamic range 
available from ?lm, such elements Will consequently exhibit 
saturation When exposed to a bright image While still being 
under exposed for a dark image. 
[0012] There are numerous methods and apparatus that 
have been proposed to increase the dynamic range of photo 
sensors in general, and CMOS sensors in particular. Perhaps 
the most straightforWard is just to increase amount of charge 
that is stored by the diode D1 of FIG. 1; hoWever, this results 
in a larger pixel circuit, When the trend is to reduce pixel siZe 
in order to increase resolution. 
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[0013] The prior art present a number of alternate tech 
niques for dealing With these problems; however, these 
suffer from one or more serious practical problems, such as 

requiring non-standard sensors, increased memory require 
ments, or multiple sensor resets. For example, US. Pat. No. 
6,977,685 is illustrative of the class of CMOS sensor 
dynamic range enhancement technologies that rely upon 
resetting individual pixels during the course of photo sensor 
exposure to light as the primary means of effecting dynamic 
range extension. In US. Pat. No. 6,946,635 the sensor pixels 
are read out tWo or more times Without resetting the image 

sensor, but require that these readings are separated by a 
shutter opening and closing cycle at the point of sensor 
(photo detector) re-exposure, so that the exposure of the 
array is not continuous for a single image. US. Pat. No. 
6,115,065 employs a speci?c, specialiZed image sensor that 
incorporates a memory cell With each image sensor pixel 
and calls for resetting and reading each sensor pixel site 
tWice, one over a short exposure interval and one over a long 

exposure interval, and clocking out both of these values 
from the photo sensor. According to the teachings of US. 
Pat. No. 6,018,365, the dynamic range of an imaging system 
that utiliZes an array of active pixel sensor cells is increased 
by reading each cell in the array multiple times during each 
integration period, saving the number of photons collected 
by the cell, resetting the cell if it Would normally saturate by 
the end of the integration period, and summing of the values 
collected during the integration period, an approach requir 
ing both the resetting of cells and additional memory. United 
States Patent Application 20020067415 offers a method of 
operating a solid state image sensor having an image sensing 
array that includes a plurality of active pixels, the resetting 
of each pixel, and after successive time periods, reading 
outputs from each pixel, to obtain multiple sets of image 
data having different dynamic ranges that are then com 
bined, an approach again requiring both the resetting of cells 
and additional memory. 

[0014] All these various approaches suffer from the need 
to either use non-standard CMOS sensors that are signi? 

cantly more costly to manufacture and control than the 
CMOS sensors commonly in use, or require signi?cantly 
more image buffer memory to properly operate. One pro 
posed approach for increasing CMOS sensor dynamic range, 
While using standard CMOS sensors, is to capture tWo to 
more images, taken very close together in time, at different 
exposures, at least one Which displays the shadoW detail of 
the image (taken at a high exposure) and at least one Which 
displays the highlight detail (taken at a loW exposure). These 
multiple images, Which need to be corrected for any motion 
present in the images occurring betWeen individual image 
capture, are combined into a single image that displays both 
shadoW and highlight detail. This approach does result in an 
increase of dynamic range; hoWever, the processing com 
plexity to motion compensate and appropriately combine the 
tWo or more captured images, and the additional buffer 
memory required, is excessive by current standards, and 
therefore this solution, to date, has not been shoWn as a 
practical ansWer to the problem. The need to use specialized, 
non-standard sensors, add memory, or reset pixels during the 
expose interval all have serious drawbacks. Consequently, 
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there is a need for improved techniques to increase the 
dynamic range of photo sensors. 

SUMMARY OF THE INVENTION 

[0015] The present invention relates to extending the 
dynamic range of photo imaging devices, such as a still or 
video camera, by varying sensor exposure time on a pixel 
by-pixel basis under digital camera processor control. This 
can be achieved using a largely standard CMOS sensor that 
is continuously illuminated, and sensitive to illumination, 
during the entire exposure interval. Thus, present invention 
represents a practical, cost effective approach acceptable to 
CMOS sensor manufacturers to signi?cantly expand the 
dynamic range of imaging systems, such as digital cameras, 
that use CMOS sensors. 

[0016] The present invention illuminates the photo sensors 
continuously Without reset over the exposure interval. Once 
a pixel is reset, in addition to being interrogated at the end 
of the exposure interval, it is also non-destructively inter 
rogated at one or more intermediate times during the inter 
val. For instance, in one exemplary embodiment, the interval 
is divided into ten equal subintervals. Other embodiments 
may use a different number of subintervals, unequal inter 
vals, or both. At each interrogation, the device determines 
individually Whether the pixels have saturated and if not, the 
parameter indicative of the cumulative exposure level (such 
as the voltage in a CMOS sensor) is checked to see if has 
reached a limit value (such as the saturation level): if the 
pixel has not saturated, the parameter value is recorded; if 
the pixel has saturated, the previously stored value from the 
preceding interval is maintained. To produce the ?nal sensor 
value for the Whole exposure interval, the data for pixels that 
reached the saturation level are adjusted to compensate for 
their shortened exposure. This adjustment can be effected by 
keeping track of Which exposure sub-interval the recorded 
pixel data corresponds to, and scaling the recorded pixel 
accordingly, based on the relative duration of the subinterval 
to the full interval. Such adjustment can be performed (a) 
after the full exposure interval is over and all the pixel data 
collected or (b) “on the ?y”. If performed “on the ?y” those 
pixels that have not reached the limit value can be adjusted 
immediately folloWing the last interrogation cycle. For those 
that reach the limit value, the adjustment is performed 
immediately folloWing the reaching of such limit. In either 
case, only one data value for each pixel is needed. 
[0017] The individual photosensitive pixel elements can 
be formed into an array to produce an imaging system. As 
the roWs of the array are reset, from top to bottom for 
example, the exposure interval begins for each roW of pixels. 
Once the last roW is reached, the ?rst roW is returned to and 
the roWs of the array are non-destructively interrogated at an 
intermediate time prior to the end of the exposure interval. 
This nondestructive read during the expo sure interval can be 
performed at multiple intermediate times until, at the end of 
the exposure interval, the integration of pixel data, corre 
sponding to the full exposure interval, is made. At the 
conclusion of each of the interrogation cycles, a processor 
makes computations on the received pixel data, Where these 
computations are responsive to image pixel data acquired 
from previous interrogations, in order to provide image pixel 
data With improved dynamic range. In a variation of this 
approach, the roWs of the array are split into subgroups that 
are scanned separately, alloWing more time for the indi 
vidual scans. 
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[0018] As the present invention can introduce multiple 
e?fective exposure times Within a single image, in addition 
to expanding the usable dynamic range of an imaging 
system, it can be used to provide a sharper image to portions 
of the frame. As brighter areas of the image Will use pixel 
data for only a portion of the full interval, they Will corre 
spondingly display less motion artifacts. In alternate 
embodiments, the use of variable exposure times Within the 
single image can be user selected. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The invention may best be understood by reference 
to the folloWing description taken in conjunction With the 
accompanying draWings in Which: 
[0020] FIG. 1 shoWs an example of a three-transistor pixel 
circuit. 
[0021] FIG. 2 illustrates a tWo-dimensional imager. 
[0022] FIG. 3 shoWs the cumulative light incident on a 
pixel over an exposure period for several intensities. 
[0023] FIG. 4 is a How chart of an exemplary embodiment 
as seen by a pixel. 
[0024] FIG. 5 shoWs a portion of an image selected for 
manipulation. 
[0025] FIG. 6 is a block diagram of a Wide dynamic range 
image capturing system. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

[0026] As described in the Background section, for CMOS 
and other sensors commonly used in today’s commercially 
available digital cameras, the exposure time per pixel is the 
same for each pixel in the array. This prede?nes the dynamic 
range of the CMOS sensor for a given picture. In high 
contrast scenes, there are alWays con?icts betWeen provid 
ing suf?cient exposure time to capture details in the dark, 
shadoW regions of an image, While simultaneously prevent 
ing saturation of bright, highlight regions of the image. The 
present invention discloses the means to vary sensor expo 
sure time, on a pixel-by-pixel basis, under digital camera 
processor control, While using an almost standard CMOS 
sensor that is continuously illuminated, and sensitive to 
illumination, during the entire exposure interval. Thus, the 
present invention represents a practical, cost effective, 
approach, acceptable to CMOS sensor manufacturers, to 
signi?cantly expand the dynamic range of imaging systems, 
such as digital cameras, that use CMOS sensors. In addition 
to CMOS sensors, other types of image sensors can be used 
With the present invention. The characteristics these sensors 
should possess are that (1) they can be non-destructively 
interrogated, multiple times, during a single, continuous 
exposure interval and (2) they built-up, or deplete, a signal 
level that is responsive to the cumulative amount of light 
falling on a photosensitive element of the sensor during the 
interval, such as theicharge on a storage element (the photo 
diode in the case of CMOS sensors) during the exposure 
interval. 
[0027] According to its various aspects, the present inven 
tion improves image quality of an electronically captured 
image, by preserving image details in the highlights and 
shadoWs of the captured image. Therefore, captured images 
Will look more like they Were captured on photographic ?lm. 
Further, unlike many prior art image dynamic range exten 
sion schemes, such as described above in the Background, 
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the approach of the present invention is scalable With image 
sensor siZe, Without the need to add costly additional image 
buffer memory. Consequently, the present invention can be 
implemented With little increase in cost, both initially and in 
the future, as photo sensor pixel densities increase. 
[0028] The situation can be illustrated With respect to FIG. 
3. FIG. 3 shoWs the cumulative amount of light falling on a 
sensor pixel versus time over an exposure time T. Time t 
runs along the horiZontal axis beginning at the start of an 
exposure interval and With the end of the exposure interval 
at a time T. The vertical axis is the cumulative incident light. 
This is shoWn for three different light intensities, 101, 102, 
and 103, Which can either be taken to correspond to three 
different pixels during the same exposure or be taken to 
correspond to the same pixel for different exposures. For 
each of these lines, the light intensity is taken to be constant 
over the interval, resulting in the shoWn straight lines, 
although the discussion of a more general situation readily 
folloWs. 
[0029] The loWest light intensity 101 results in the ampli 
tude Al(T) at the end of the exposure period, While the 
higher light intensity level 102 gives, or at least should give, 
the amplitude A2(T). HoWever, if the sensor measuring this 
has a saturation level, S, and the accumulated number of 
photons exceeds this level, any pixel Whose incident light 
exceeds this level Will instead return the value S instead of 
the actual value. For example, rather than return the correct 
amplitude A2(T) for level 102, the saturation level S is 
returned instead. To overcome this limitation, according to 
a principle aspect of the present invention, the amplitude is 
measured at one or more intermediate times. When the 

amplitude is measured at the next intermediate time, or ?nal 
time, this previous amplitude is replaced by the neW ampli 
tude only if the is beloW the saturation level. If the amplitude 
obtained at one of the intermediate times is used, it needs to 
be compensated, for it only corresponding to a portion of the 
entire exposure time. 
[0030] For example, in FIG. 3 an intermediate time t' is 
introduced. For the exposure level of line 101, the amplitude 
can be measured at time t'. The sensor continues to be 
exposed and When measured again at the end of the interval, 
as A1(T)<S, the value Al(T) replaces the value recorded at 
t' and is used. 

[0031] For the exposure level of line 102, the amplitude 
measured at time t' is A2(t'). The sensor again continues to 
be exposed, but reaches the saturation level S before T, 
Which result in the saturation value S, rather than A2(T), 
being recorded for the pixel, if the value A2(t) is overwritten. 
Since A2(t') is the amount of signal accumulated in response 
to the light falling on the sensor pixel, up to exposure time 
t' and the exposure time t' is less than the entire exposure 
interval, A2(t) needs to be compensated as folloWs: 

[0032] For example, if t':1/2 T, then A2(T):2*A2(t'). Con 
sequently, the dynamic range is effectively extended, While 
only a single amplitude needs to be kept for each pixel, along 
With a number that indicates the fraction of the total expo 
sure time that had elapsed at the time the pixel amplitude 
Was stored. Alternatively, only the compensated value need 
be kept, if pixel dynamic range processing is performed “on 
the ?y” at the time of pixel acquisition. 
[0033] If the light level Were high enough, as at 103, the 
dynamic range can be extend further introducing more 
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intermediate times, such as times t" and t"'. In this example, 
at the level shown at 103 saturates betWeen t" and t', the 
value A3(t') Would be used and compensated accordingly. 
(Note that it is the last value before saturation (and an 
indication of Which time it corresponds) that is kept, and 
then compensated, and not the ?rst saturated value. Thus, for 
103 the value used is A3(T"):(T/t')*A3(t"), not A3(T'):(T/ 
t')*A3(t').) The number of such intermediate times intro 
duced is a design choice that needs to balance the amount of 
dynamic range increase desired against complexity and read 
out speed. 
[0034] Although FIG. 3 shoWs the cumulative amount of 
incident light falling on a pixel during an exposure interval 
(Which is monotonically nondecreasing), What is typically 
happening in a given sensor, such as CMOS photo sensors 
like that described With respect to FIG. 1, is that a quantity 
(such as the amount of charge on the diode) is decreasing in 
response to incident light until it hits the saturation level. 
Consequently, the parameter that is actually measured in the 
device of FIG. 1 is a voltage, V, of the form V:Vmet*—f(A), 
Where Vmet is the reset value and f(A) is some increasing 
function of the total cumulative exposure. 

[0035] Returning to FIGS. 1 and 2, the description of the 
various aspects of the present invention can be described in 
more detail using the arrangement given there for some 
exemplary embodiments. As describe in the Background, 
after a predetermined exposure time, the light intensity 
information for this pixel is read out by using the transistors 
M2 and M3, Where transistor M2 serves as a source folloWer, 
the voltage on its source at 5 being a function of the diode 
voltage at 3, Which is turn an indication of the amount of 
light to Which it has been exposed. When this particular roW 
of pixels is selected for readout, the roW voltage VSEL on 
Wire 2 is taken in a positive direction, turning on transistor 
M3, Which is usually operated as a sWitch to connect the 
source terminal of M2 to the readout column line 6. A 
current sink I at the end of the column line provides 
operating current for the source folloWer M2, so that the 
output voltage on the column line VOUT Will be propor 
tional to the voltage on the diode at 3. It is important to note 
that the process of reading the intensity information from the 
pixel diode D1 does not inject any net charge to Wire 3, so 
the readout process may be repeated Without earlier readout 
actions affecting the later values. In other Words the readout 
is “non-destructive”. 

[0036] After the intensity information is read out and is no 
longer needed, the roW reset input VRES may be activated 
to cause the pixel voltages to be restored to the value 
representing Zero light intensity. In addition to functioning 
as a reset transistor, M1 may also be used to limit the loWer 
voltage to Which Wire 3 may descend. This prevents diode 
D1 from becoming Zero or forWard biased, and therefore 
prevents the injection of minority charges into the substrate. 
Charges injected into the substrate may di?‘use to adjacent 
pixels, causing spreading or blooming in the image of bright 
image spots. In many systems, this anti-blooming feature is 
used to hold the pixel voltages at a loWer level until the reset 
action is initiated to prepare for a neW image exposure. 

[0037] The device of FIG. 1 is one of the simpler three 
transistor cells in use, and various changes may be made to 
this design as knoWn in the art to produce equivalent 
operation With additional advantages. For the purposes of 
the invention disclosed here, the exact structure of the pixel 
cell is not important, as long as the pixel may be read out in 
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a non-destructive manner, at various times of our choosing, 
after the pixel charge is reset to a standard value. The 
readout information may take the form of either voltage or 
current, and may be read from a column line connected to 
either the source or the drain of the readout transistor circuit 
Without affecting the operation of main aspects of the present 
invention. 
[0038] As is clear from the discussion given With respect 
to FIG. 3, the relevant property of a sensor is that, Within 
some range, it has some parameter that is either decreasing 
or increasing as it is exposed to light during an exposure 
period and that, either by choice or because it is inherent in 
the device, there is some limit to the range of this parameter. 
For the exemplary device in FIG. 1, the parameter is the 
amount of charge on line 3, Which decreases from its initial 
reset value until either the exposure period ends or the 
saturation level is reached. If this parameter can be read 
non-destructively Without resetting While exposure contin 
ues, the present invention can be used to extend the dynamic 
range of an imager made up of such devices. In the exem 
plary embodiments, the exposure period is broken up into 
ten subintervals of equal length, but, more generally, a 
different number of intermediate interrogations and subinter 
vals of differing relative durations can be used. 
[0039] In other embodiments, the exposure period can be 
broken up into a number of unequal intervals. Such an 
arrange can be used, for example, When the sensor does not 
respond linearly and its sensitivity (such as the incremental 
voltage output per incremental photon input) decreases as 
the sensor gets closer and closer to its saturation level. By 
increasing the time betWeen interrogation cycles at the end 
of the exposure interval, this type of non-linearity can be 
compensated for. 
[0040] A ?rst embodiment of the present invention 
employs the simple photo sensor of FIG. 1 and the pixel roW 
and column arrangement of FIG. 2. Further, it employs the 
non-destructive interrogation of each roW of the sensor 
pixels tWo or more times, for example, starting from the top 
of the sensor, and proceeding to the bottom of the sensor to 
signi?cantly increase the effective dynamic range of the 
photo sensor. As discussed With respect to FIG. 2 in the 
Background section, the amount of image sensor pixel roW 
exposure per interrogation cycle interval is a function of the 
roW timing delay betWeen the roW reset action and the roW 
readout action, as determined by the control logic. In most 
cases, this logic is driven by timing signals from the image 
capturing systems’ (a digital camera for example) digital 
processor. Therefore, the amount of time each roW has been 
exposed to light, at the instant the roW is interrogated, is 
knoWn a priori by the digital camera’s processing engine. 
With this in mind, the method and apparatus employed by a 
simple exemplary implementation of the present invention 
could proceed through the folloWing steps: 

(1) Reset all roWs of the image sensor starting from the top 
of the sensor and proceeding to the bottom of the sensor. 

[0041] (2) Upon completion of resetting the last roW of the 
image sensor, begin interrogating data from the ?rst roW of 
the sensor. Thus, exposure time for this ?rst sensor pixel roW 
Will be equal to the time employed to reset the sensor array. 
(3) Interrogate all roWs of the image sensor, from the ?rst 
pixel sensor roW to the last pixel sensor roW, over a time 
period equal to that employed to reset the entire image 
sensor array. This causes the ?rst roW to be reset to be the 
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?rst roW to be read, and the last roW to be reset to be the last 
roW to be read. Since the reset cycle time equals the 
interrogation cycle time in this example, each sensor pixel 
roW Will be exposed to light for the same amount of time 
before being read, assuming uniform roW scanning. For 
example, if the reset and interrogation cycle times are 3 
milliseconds, each pixel sensor roW Would be exposed for 3 
milliseconds before roW readout is initiated for that roW. 

(4) For this exemplary embodiment, a total of 10 interroga 
tion cycles Will be executed per photo sensor exposure 
interval. After reading the last pixel sensor roW, the l“ 
interrogation cycle Will have been completed. Immediately 
thereafter, the 2M interrogation cycle is started, Which is then 
folloWed by the 3rd, 4th, 5”’, etc. interrogation cycles, until 
the 10th interrogation cycle has been completed. 
(5) Read each roW of sensor pixel data from the l“ inter 
rogation cycle and store this pixel sensor roW data in an 
image buffer memory. This data represents pixel sensor 
output produced at 1/10 total exposure interval. 
[0042] (6) Read each roW of sensor pixel data from the 2M 
interrogation cycle. This data represents pixel sensor output 
produced at 2/10 total exposure interval. OverWrite the sensor 
pixel data in the buffer memory from interrogation cycle 1 
With sensor pixel data from interrogation cycle 2 if the 
sensor pixel data from interrogation cycle 2 is beloW a 
prede?ned threshold. This threshold ?ags sensor pixel data 
that is saturated or close to saturation. When a sensor pixel 
location in memory is not overWritten, because the sensor 
pixel data from interrogation cycle 2 is above the prede?ned 
threshold, store an indication in memory that this image 
pixel Was acquired from the l“ interrogation cycle. 
Note that under this arrangement, no additional image buffer 
memory is needed, as only one value per pixel is kept, but 
there is a need to keep track of Which interrogation cycle (1 
to 10 in this example) the recorded value corresponds to. 
Note also that the exposure is continuous, Without the 
sensors being reset, as all of the reads are nondestructive. 
(7) Read each roW of sensor pixel data from the 3rd inter 
rogation cycle. This data represents pixel sensor output 
produced at 3/10 total exposure interval. OverWrite the sensor 
pixel data in buffer memory from interrogation cycle 2 With 
sensor pixel data from interrogation cycle 3, if the sensor 
pixel data from interrogation cycle 3 is beloW a prede?ned 
saturation threshold. When a sensor pixel location in 
memory is not overwritten, because the sensor pixel data 
from interrogation cycle 3 is above the prede?ned saturation 
threshold, store an indication in memory that this image 
pixel Was acquired from the 2M interrogation cycle. 
(8) Continue the image sensor interrogation process outlined 
in (6) until all 10 interrogation cycles have been executed. 
After the 10th interrogation cycle, the image buffer memory 
contains a complete image composed of sensor pixel data 
captured at exposure times ranging from 1/10 total pixel 
exposure interval to 10/10 total pixel exposure interval. Along 
With the stored data for each image pixel is an indication of 
the interrogation cycle number from Which it Was acquired. 
Note that none of the pixel data stored in the image buffer 
memory are positively saturated, that is, saturated due to 
excessive exposure to light. 
(9) By use of the digital camera’s processor, multiply the 
value of each sensor pixel by the total number of interro 
gation cycles divided by the interrogation cycle number 
from Which it Was acquired. This process places the effective 
value of each pixel at the point in the dynamic range of the 
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output digital image that corresponds to the intensity of the 
pixel in the captured physical scene. 
(10) An alternative to storing the value of each sensor pixel 
in the image buffer memory, along With interrogation cycle 
number from Which it Was acquired, is to overWrite the value 
of a stored pixel by its stored value multiplied by the total 
number of interrogation cycles divided by the current inter 
rogation cycle number —l, When it found that the pixel value 
for that location, as read during the current interrogation 
cycle, is above the prede?ned saturation threshold. This 
places the effective value of each pixel in the image buffer 
at the point in the dynamic range of the output digital image 
that corresponds to the intensity of the pixel in the captured 
physical scene Without the need for: 

[0043] a) additional memory to hold interrogation cycle 
number information for each pixel in the image; 

[0044] b) a subsequent operation on the stored image 
bulfer data by the digital camera’s processor. 

[0045] As described, it is possible that one or more pixels 
of a sensor may saturate before the ?rst interrogation is 
performed; hoWever, When this occurs the camera (or other 
imaging system) can reduce the sensitivity of the image 
sensor using the overall exposure control mechanisms of the 
camera. This can be done by reducing the siZe of the digital 
camera’s aperture until all pixels of the sensor no longer 
saturate. Since the range of light reduction due to aperture 
closure can be very Wide, from full light falling on the sensor 
to complete light blockage, the circumstance of portions of 
the image sensor being saturated before the ?rst read can be 
prevented. Note that under the arrangement of the present 
invention, the maximum aperture setting can be based on the 
exposure level at the end of the ?rst exposure subinterval, 
rather than the full interval, alloWing darker regions the 
bene?t of longer exposures and the consequent better de? 
nition. In some cases, hoWever, there is often a desire on the 
part of the camera user to emphasis certain portions of the 
image at the expense of other portions of the image, there 
fore this camera behavior can be overridden by the user, if 
desired, to obtain a particular image effect. This desire is 
mainly associated With the limited dynamic range of prior 
art approaches. Note that the present invention signi?cantly 
reduces the need for such user intervention because of the 
increased image dynamic range provided. 
[0046] The above scenario called for 10 non-destructive 
reads of the image sensor during a single pixel exposure 
interval. This results in a 10 times increase in the dynamic 
range of the captured image. A greater or lesser number of 
non-destructive reads of the image sensor during a single 
exposure interval Would increase or decrease the dynamic 
range of the captured image proportionally. Note that nega 
tive pixel saturation, that is the loss of image details due to 
insu?icient sensor exposure to light, is prevented by length 
ening the overall exposure time and non-destructively read 
ing the image sensor a greater number of times. Since the 
pixels from the bright parts of the image use a shorter 
effective exposure time, When this approach is used the 
bright areas of the image Will be sharper and display less 
motion artifacts than the dim areas of the image. 
[0047] FIG. 4 is a simpli?ed ?owchart of the above 
process as seen by a given pixel, or roW of pixels, beginning 
With the sensor being reset at 201 and the exposure begin 
ning at 203, Where the index n introduced and initialiZed to 
n:l for the purposes of this How at step 205 in order to keep 
track of the exposure sub-intervals. As discussed above, in 
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one aspect of the present invention, the sensor is exposed 
continually, Without reset, for the entirety of the exposure 
period. The parameter indicative of the amount of cumula 
tive light to Which the pixel is exposed Will be called the 
amplitude A for this discussion and, for simplicity, taken to 
increase With exposure. In the actual sensor, the parameter 
measured may actually decrease, as in the CMOS sensor of 
FIG. 1 Where a voltage V starts at a reset value, Vmet, and 
discharges based on light intensity. 
[0048] The ?rst interrogation, at time tn, is made at 207 
and the amplitude A(tn) of the pixel is recorded at 209, With 
the index n being incremented at 211 as the process enters 
the loop for the remaining subintervals. 
[0049] At the end of the next subinterval, tn, the cumula 
tive amplitude A(tn) is read at 213 and step 215 determines 
Whether the limit values, such as the saturation level S, has 
been reached. If A(tn)<S, the pixel value is overWritten at 
217. (It should again be noted that What is actually being 
measured is some parameter indicative of this exposure 
amplitude and that this parameter may actually decrease 
With exposure: for example, in the exemplary embodiment 
it is the voltage at the diode Which is measured and this 
parameter starts at the reset value and decreases until either 
the exposure ends or it reaches the saturation level. Conse 
quently, the correct statement of step 215 in this case Would 

be V>Vsaturati0n') 
[0050] Should the limit be exceeded, an indication is then 
set at 219 to note that the recorded amplitude corresponds to 
previous loop (n-l at this point) and that this Will be the 
value used to construct the ?nal value. It should be clear that 
a number of implementations can be used for this step. For 
example, as the amplitude for each value of n is recorded, 
the corresponding value of n is also recorded and once the 
limit is reached, neither n nor A(tn) are updated further, so 
that at step 219 the indicator (n value) has already been set 
in the preceding loop and is just not updated. At this point 
the pixel can either remain in the loop, With the yes path out 
of 215 being taken in each further iteration, or it can just be 
taken out of the loop and Wait for the full exposure period 
to end. 

[0051] The How then continues on to step 221 to deter 
mine Whether the end of the full exposure interval has 
elapsed and the ?nal interrogation has been made: if not 
(néN), the How loops back to 211; if so (N>n), the exposure 
is ended (223). At this point, the amplitude Written for each 
pixel Will be A(tN) (or [A(tN),N]) if the limit Was not reached 
and [A(tn), n] if it did reach its limit, Where n is the index of 
the last sub-interval before the limit Was reached. Step 225 
then compensates the amplitudes for the Written pixel ampli 
tude values, using the equation A(tN):A(tn)*(n/N), so that a 
pixel amplitude equivalent to the amplitude that Would have 
been obtain over the full exposure interval, should saturation 
not have occurred, is available at step 227. For the case 
Where the limit value for the amplitude Was never reached, 
the compensation is trivially just the amplitude (or, more 
accurately, parameter value) at T?N, since n/N:l. Once the 
exposure is ?nished at 223, the process is then ready to 
return to the beginning and the pixel can be reset for the next 
photo or frame of video. 

[0052] As noted, FIG. 4 represents the process How for 
just a single pixel location or roW of pixels, Where the read 
of the Whole array is given in more detail above. In the above 
embodiment, the time betWeen each read (time given over 
for the loop) is based on the time to reset or read all the roWs 
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in the array and return to the pixel. (In the embodiment 
beloW, it is based on the time to reset or read the groups into 
Which the roWs are divided.) Note that in the above arrange 
ment, all pixels have equal exposure intervals or sub 
intervals4or, more accurately, essentially equal exposure 
intervals or sub-intervals due to the variations inherent in the 
design and operation of such devices. 
[0053] The embodiment of the present invention described 
in the preceding paragraphs operates the CMOS sensor at a 
speed Which increases in proportion to the number of 
interrogation cycles used. For the embodiment implemen 
tation example disclosed, this means that the sensor Would 
be readout 10 times faster to achieve the same effective 
exposure time. In absolute terms, assuming a photo sensor 
With 9 million pixels arranged in a grid of 3000 roWs by 
3000 pixels per roW, the stated reset and interrogation cycle 
times of 3 milliseconds, and the stated use of 10 interroga 
tion cycles, an implementation employing an exposure inter 
val of 30 milliseconds Would require the interrogation or 
reset of 3000 roWs of image sensor pixels in 3 milliseconds, 
and therefore the data from each pixel sensor in each roW to 
be sequentially clocked out of the sensor at a data rate of l 
MHZ. This is relatively fast by current standards, Which 
Would employ l interrogation cycle for a 30 millisecond 
exposure interval, require the interrogation or reset of 3000 
roWs of image sensor pixels in 30 milliseconds, and there 
fore the data from each pixel sensor in each roW to be 
sequentially clocked out of the sensor at a data rate of 100 
KHZ. 

[0054] There are a number of Ways of mitigating the need 
for increased sensor speed. First, feWer than 10 interrogation 
cycle times can be used. This Will reduce the dynamic range 
increase from a factor of 10 doWn to a factor equal to the 
number of interrogation cycle times used. HoWever, even a 
2 times increase in dynamic range is a signi?cant advance 
over the dynamic range offered by the typical digital camera, 
and consumers Would Welcome such an improvement. 

[0055] Second, consider noW an image sensor that has the 
incorporated capability for reset or readout of several groups 
of roWs at a time, each at different locations on the image 
sensor. In this case, image information may be effectively 
and simultaneously obtained from bands of sensor roWs for 
multiple interrogations cycles. In this embodiment, Group 
A, the roWs of lines betWeen “A” and “B” of FIG. 2, are reset 
and read out in accordance With the series of steps de?ned 
under the embodiment described earlier. If, for this example, 
a sensor is used that has 3000 roWs of pixels, the A, B, C, 
D, and E lines groups Would each contain 600 roWs, assum 
ing an equal number of lines in each roW group. Note that 
equal roW groupings are not depicted in FIG. 2. Readout 
circuitry 12 of FIG. 2 is responsible for converting these 
roWs of pixel information and sending out image pixel data 
on the connection 14 as parallel data. This effectively cuts 
the data rate on each output line by a factor of 5. For this 
example that means that the output data rate from the image 
sensor is 200 KHZ, a number only a factor of tWo aWay from 
the 100 KHZ rate encountered When only one interrogation 
cycle is employed, as is the case for prior art sensors and 
digital camera systems. The 5 lines of parallel picture data 
emanating from the image sensor Would each be converted 
into digital form using separate A to D converters. The 
digital camera processor Would accept these 5 digital data 
streams and using the approach previously outlined, process 
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this pixel information back into a single image With 
extended dynamic range for each pixel. 
[0056] As noted above, since the number of photons 
incident on bright areas Will accumulate more rapidly, the 
pixels from the bright parts of the image use an effective 
shorter exposure time than the darker parts of the image. In 
addition to expanding the dynamic range of the sensor array, 
this use of multiple, variable exposure times Within a single 
frame alloWs the bright areas of the image to be sharper, 
displaying less motion artifacts than the dim areas of the 
image. As the brighter portions of the image are often the 
more important parts, the resultant crisper image in bright 
areas, While alloWing darker areas longer effective exposure 
time, is another bene?t provided by the present invention. 
[0057] In alternate embodiments of the present invention, 
the use of the variable exposure times Within a single image 
can be user determined, rather than automatically based on 
the amount of light incident on a given pixel. For example, 
a user could select a portion of the frame for a shorter 
exposure time in order to reduce motion artifacts or produce 
other effects Within the camera. According to the embodi 
ment, this portion of the image could be selected beforehand 
or afterwards. If performed afterWards, this can be imple 
mented by overWriting the pixels of the selected region With 
earlier recorded values. 

[0058] Although in the main embodiments of the present 
invention a primary aspect is the ability to expand dynamic 
While only storing a single value for each sensor, the ability 
to concurrently store one or more additional values may also 
be incorporated. This Would alloW the sort of overWriting by 
an early value discussed in the last paragraph. These extra 
values could then be used for this sort of image sharpening 
as Well as for other selected elfects, alloWing for a sort of 
“digital darkroom” set of manipulations to be performed on 
the camera or imaging system. For example, in FIG. 5 the 
Whole of the image is indicated at 301 as displayed on, say, 
the vieWer of the camera. Within this image, a portion 303 
can then be selected for this sort of post-processing through 
the user interface. In addition to the sort of manipulations 
already described, the selected portion could also have extra 
compensation to brighten or increase contrast in loW light 
regions or to “?x” a pixel that is near saturation, or just over 
saturation, Whose “saturated” value Was recorded, and a 
previous value Would look better in the ?nal image. 
[0059] FIG. 6 is a block diagram shoWing an example of 
Wide dynamic range image capture system utiliZing the 
above image sensor design as part of a camera. Although the 
image capture system is often described here as a still or 
video camera, more generally it can be a handheld device, 
such as a phone or PDA, or other digital appliance that 
includes an image capture system. An image sensor 20 With 
multiple roW readout capabilities is used together With an 
image processor 23 and memory 26. As the image is 
scanned, the processor receives the various pixel roW data 
values and either stores them in appropriate locations in the 
memory 26 in a manner convenient for the later mathemati 
cal manipulations, or performs the dynamic range extension 
processing as outlined in Step (10) above, “on the ?y”, in 
other Words, as the image data is received. Image scan 
control is done With the control signals 22, and data to the 
processor is on Wire 21, Which for this example represents 
multiple buses of sensor data after A to D conversion, in 
order, as previously explained, to reduce data rate require 
ments. If sensor speeds and processor capabilities alloW, line 
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21 can be a single line, and the above FIG. 6 Would represent 
an exemplary apparatus for both the ?rst and second 
embodiments given above. For some architectures, the 
image data may connect directly to the memory 26. Data in 
the memory is located using the address and control lines 24, 
and transferred betWeen the processor and the memory on 
lines 25. If Steps (1) through (9) above are folloWed, the 
processor scans the stored data and produces image data 
output incorporating the best image data for each pixel 
location. In this Way the dynamic range of the image is 
extended by the ratio of the longest e?fective exposure time 
to the shortest e?fective exposure time read out. 

[0060] The image processor outputs its ?nal image data on 
the Wires 27 to the remainder of the imaging system. This 
data may be the pixel data as generated by the mathematical 
algorithms driving processor 23, or other information 
derived from the image data. 

[0061] In addition to these elements, the camera or other 
device Will include the various other elements as are familiar 
in the art. These Would typically include an optical system 
30, containing the lenses and aperture that supply the 
illumination to expose the image sensor, and a display unit 
or storage 32, such as a memory card, to store the images. 
The various other elements and control circuitry (exposure 
control and so on) are not explicitly shoWn in the ?gure. 

[0062] As noted in the Background section, there are 
various prior art methods and apparatus that have been 
proposed to increase the dynamic range of photo sensors in 
general, and CMOS sensors in particular. HoWever, many of 
these devices suffer from the need to either use non-standard 
CMOS sensors that are signi?cantly more costly to manu 

facture and control than the CMOS sensors commonly in 
use, or require signi?cantly more image buffer memory to 
properly operate. One proposed approach for increasing 
CMOS sensor dynamic range, While using standard CMOS 
sensors, is to capture tWo to more images, taken very close 
together in time, at different exposures, at least one Which 
displays the shadoW detail of the image (taken at a high 
exposure) and at least one Which displays the highlight detail 
(taken at a loW exposure). These multiple images, Which 
need to be corrected for any motion present in the images 
occurring betWeen individual image capture, are combined 
into a single image that displays both shadoW and highlight 
detail. This can provide some enhancement of dynamic 
range; hoWever, the processing complexity to motion com 
pensate and appropriately combine the tWo or more captured 
images, and the additional buffer memory required, is exces 
sive by today’s standards, and therefore this solution, to 
date, has not been shoWn as a practical ansWer to the 
problem. As the present invention does not require extra 
bulfer space to achieve CMOS sensor dynamic range exten 
sion, and minimal additional processing is required, it is 
believed to be a better Way to solve the problem. By using 
only a single exposure, Without resetting during the expo 
sure interval, and storing and reading out only a single value 
per pixel, the present invention resolves the imaging system 
manufacturing cost and control issues, and provides a prac 
tical solution that in the past has not been available. 

[0063] The present examples are to be considered as 
illustrative and not restrictive, and the invention is not to be 
limited to the details given herein, but may be modi?ed 
Within the scope of the appended claims. 
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It is claimed: 
1. A method of operating an image sensor array having 

one or more photo sensitive pixels that can be non-destruc 
tively interrogated for a parameter value indicative of the 
cumulative amount of light to Which individual ones of said 
pixels have been exposed, the sensor being continuously 
exposed to said light during a knoWn time interval, the 
method comprising: 

interrogating a ?rst pixel for a parameter value at a ?rst 
time value during the interval; 

recording the value of the parameter at the ?rst time value; 
at a second time value during the time interval, interro 

gating the ?rst pixel to obtain a second parameter 
value; 

determining Whether the parameter value at the second 
time value exceeds a limit value; 

substituting the second parameter value for the ?rst 
parameter value if the limit value is not exceeded, 
otherWise maintaining the ?rst parameter value; and 

determining the value of the parameter corresponding to 
the cumulative amount of exposure to light for the 
entire time interval based on the recorded value of the 
parameter and the time value to Which the recorded 
value of the parameter corresponds. 

2. The method of claim 1, further comprising: 
maintaining an indication of the time value to Which the 

recorded value of the parameter corresponds. 
3. The method of claim 2, Wherein said determining the 

value of the parameter uses the maintained value of the time 
value to Which the recorded value of the parameter corre 
sponds. 

4. The method of claim 1, Wherein said determining the 
value of the parameter is performed prior to the time interval 
concluding. 

5. The method of claim 1, Wherein said determining the 
value of the parameter is performed subsequent to the time 
interval concluding. 

6. The method of claim 1, Wherein said second time value 
corresponds to an intermediate time prior to the end of the 
time interval. 

7. The method of claim 1, Wherein said second time value 
corresponds to the end of the time interval. 

8. The method of claim 1, Wherein said time values 
subdivide the time interval into a plurality of essentially 
equal subintervals. 

9. The method of claim 1, Wherein said time values 
subdivide the time interval into a plurality of unequal 
subintervals. 

10. The method of claim 1, Wherein said determining the 
value of the parameter includes: 

compensating the value of the parameter based on the 
duration of the portion of the interval to Which the value 
of the parameter corresponds relative to duration the 
entire interval. 

11. The method of claim 1, Wherein said limit value is a 
saturation value of the sensor. 

12. The method of claim 1, Wherein said limit value is less 
than a saturation value of the sensor. 

13. The method of claim 1, Wherein said parameter value 
is a voltage level. 

14. The method of claim 1, Wherein said pixels are CMOS 
sensors. 

15. The method of claim 1, Wherein said image sensor 
array is part of a still camera. 
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16. The method of claim 1, Wherein said image sensor 
array is part of a video camera. 

17. The method of claim 1, Wherein said image sensor 
array is part of a hand held appliance. 

18. A method of operating an image capture system 
including an image sensor having one or more photo sen 
sitive pixels that can be individually non-destructively inter 
rogated for a parameter value indicative of the cumulative 
amount of light to Which the individual pixel has been 
exposed, the method comprising: 

resetting a ?rst of said pixels; 
subsequent to resetting the ?rst pixel, continuously expos 

ing the ?rst pixel for a time interval Without being reset; 
interrogating the ?rst pixel for the parameter value at the 

?rst time value during the interval; 
recording the value of the parameter at the ?rst time value; 
at a time value during the interval subsequent to the ?rst 

time value, interrogating the ?rst pixel for the param 
eter value; 

determining Whether the parameter value at the subse 
quent time value exceeds a limit value; 

overWriting the recorded parameter value With the value 
of the parameter at the subsequent time value if the 
limit value is not exceeded, otherWise maintaining the 
recorded value; 

maintaining an indication of the time value to Which 
recorded value of the parameter corresponds; and 

determining the value of the parameter corresponding to 
the cumulative amount of exposure to light for the 
entire time interval based on the recorded value of the 
parameter and the indication. 

19. The method of claim 18, Wherein said subsequent time 
value corresponds to an intermediate time prior to the end of 
the time interval. 

20. The method of claim 18, Wherein said subsequent time 
value corresponds to the end of the time interval. 

21. The method of claim 20, further comprising: 
at each of one or more intermediate time value during the 

interval subsequent to the ?rst time value and prior to 
the end of the time interval, interrogating the ?rst pixel 
for the parameter value; 

determining for each of intermediate time values Whether 
the parameter value exceeds said limit value; and 

overWriting the recorded parameter value With the value 
of the parameter at each of the intermediate time values 
if the limit value is not exceeded, otherWise maintain 
ing the recorded value. 

22. The method of claim 18, Wherein said time values 
subdivide the time interval into a plurality of essentially 
equal subintervals. 

23. The method of claim 18, Wherein said time values 
subdivide the time interval into a plurality of unequal 
subintervals. 

24. The method of claim 18, Wherein said determining the 
value of the parameter corresponding to the cumulative 
amount of light for the entire time interval includes: 

compensating the recorded value of the parameter based 
on the duration of the portion of the interval to Which 
the value of the parameter corresponds relative to 
duration the entire interval. 

25. The method of claim 18, Wherein said limit value is a 
saturation value of the sensor. 

26. The method of claim 18, Wherein said limit value is 
less than a saturation value of the sensor. 
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27. The method of claim 18, wherein said parameter value 
is a voltage level. 

28. The method of claim 27, Wherein said resetting sets 
the voltage level to an initial value Which then discharges 
based on the cumulative amount of light to Which the 
individual pixel has been exposed. 

29. The method of claim 18, Wherein said pixels are 
CMOS sensors. 

30. The method of claim 18, Wherein said image capture 
system is still camera. 

31. The method of claim 18, Wherein said image capture 
system is a video camera. 

32. The method of claim 18, Wherein said image capture 
system is a hand held appliance. 

33. An image capture system comprising: 
an image sensor including one or more photo sensitive 

pixels that can be individually non-destructively inter 
rogated for a parameter value indicative of the cumu 
lative amount of light to Which the individual pixel has 
been exposed; 

control logic and readout circuitry, Whereby the pixels can 
be interrogated for their respective parameter values at 
a plurality of differing time values While being con 
tinuously exposed for a time interval Without being 
reset, and to determine Whether the parameter value for 
a exceeds a limit value; and 

memory, Wherein for each of said pixel is maintained a 
corresponding value of the parameter and an indication 
of the time value to Which recorded value of the 
parameter corresponds, 

Wherein the control logic and readout circuitry overWrites 
the recorded value of the parameter With a later 
acquired value of the parameter if the later acquired 
value does not exceed the limit value and otherWise 
maintains the parameter value unless reset and deter 
mines the value of the parameter corresponding to the 
cumulative amount of light for the entire time interval 
based on the recorded value of the parameter. 

34. The image capture system of claim 33, Wherein the 
memory further maintains an indication of the time value to 
Which recorded value of the parameter corresponds for each 
of said pixels. 

35. The image capture system of claim 34, Wherein the 
control logic and readout circuitry further determines the 
value of the parameter corresponding to the cumulative 
amount of light for each pixel for the entire time interval 
based on the corresponding indication. 

36. The image capture system of claim 33, Wherein the 
value of the parameter corresponding to the cumulative 
amount of light for the entire time interval is determined 
prior to being recorded in the memory. 

37. The image capture system of claim 33, Wherein the 
value of the parameter corresponding to the cumulative 
amount of light for the entire time interval is determined 
subsequent to the time interval concluding. 

38. The image capture system of claim 33, Wherein the 
value of the parameter corresponding to the cumulative 
amount of light for the entire time interval is determined by 
compensating the value of the parameter based on the 
duration of the portion of the interval to Which the value of 
the parameter corresponds relative to duration the entire 
interval. 

39. The image capture system of claim 33, Wherein said 
limit value is a saturation value of the sensor. 
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40. The image capture system of claim 33, Wherein said 
limit value is less than a saturation value of the sensor. 

41. The image capture system of claim 33, Wherein said 
parameter value is a voltage level. 

42. The image capture system of claim 33, Wherein said 
pixels are CMOS sensors. 

43. The image capture system of claim 33, Wherein said 
image sensor is part of a still camera. 

44. The image capture system of claim 33, Wherein said 
image sensor is part of a video camera. 

45. The image capture system of claim 33, Wherein said 
image sensor is part of a hand held appliance. 

46. A image capture system, comprising: 
an image sensor, including: 

a plurality of photo sensitive pixels that individually 
can be non-destructively interrogated at tWo or more 
times during a pixel exposure interval during Which 
the sensor is continuously illuminated and sensitive 
to said illumination, Wherein said pixel exposure 
interval begins folloWing a pixel reset action and 
ends preceding the next pixel reset action; and 

an image processor for receiving image pixel data from 
said interrogations and performing computations on 
said received data as said data is received, Wherein said 
computations are responsive to image pixel data 
acquired from previous interrogations to provide image 
pixel data With increased dynamic range. 

47. The image capture system of claim 46, Wherein said 
pixel exposure interval is equal to the time immediately 
folloWing a pixel reset action to the time immediately 
preceding the next pixel reset action. 

48. The image capture system of claim 46, Wherein said 
pixels are arranged into a tWo dimensional array of roWs and 
columns, and Wherein the image sensor further includes: 

control circuitry to select at least one pixel roW for pixel 
value reset and to select at least one pixel roW for data 
value readout; and 

readout circuitry to convert pixel column data into digital 
values. 

49. The image capture system of claim 48, Wherein the 
image sensor further includes circuitry to independently 
control pixel roWs, Whereby one or more roWs of pixel 
values can be reset or read out. 

50. The image capture system of claim 49, Wherein the 
control circuitry generate a sequential readout pattern for 
image pixel data transfer to the image processor. 

51. The image capture system of claim 46, further com 
prising: 

a memory unit for retaining pixel data acquired at said tWo 
or more times during a pixel exposure interval. 

52. The image capture system of claim 51, including 
control circuitry that can replace stored data for one or more 
pixels With data for the same one or more pixels acquired 
from a previous interrogation of said tWo or more times 
during a pixel exposure interval 

53. The image capture system of claim 51, including 
control circuitry that can replace stored data for one or more 
pixels With data for the same one or more pixels acquired 
from a subsequent interrogation of said tWo or more times 
during a pixel exposure interval. 

54. The image capture system of claim 51, including 
control circuitry that can replace stored data for one or more 
pixels acquired from an image roW With data for the same 
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image roW acquired from a previous interrogation of said 
tWo or more times during a pixel exposure interval. 

55. The image capture system of claim 51, including 
control circuitry that can replace stored data for one or more 
pixels acquired from an image roW With data for the same 
image roW acquired from a subsequent interrogation of said 
tWo or more times during a pixel exposure interval. 

56. The image capture system of claim 51, including 
control circuitry to determine if a pixel’s data acquired at a 
?rst of said times exceeds a threshold and if so, causes said 
pixel’s data acquired at a ?rst of said times to be ignored and 
stored pixel data acquired at a second of said times to be 
preserved, Wherein the second of said time is prior to the ?rst 
of said times. 

57. The image capture system of claim 46, further com 
prising: 

control circuitry to independently control roWs of said 
sensor pixels, Whereby pixel values can be reset and 
read out, 

Wherein said processor uses data from an image roW, 
interrogated at tWo different values of said times during 
a pixel exposure to assemble a composite image roW 
With increased dynamic range. 

58. The image capture system of claim 46, further incor 
porating: 

control circuitry to generate a sequential readout pattern 
for image pixel data transfer to the image processor, 
Whereinithe interrogation time to Which said image 
pixel data transfer corresponds to is employed to iden 
tify the portion of the exposure interval during Which a 
pixel has been exposed to light. 

59. The image capture system of claim 58, Wherein said 
control circuitry is incorporated Within the image processor. 

60. The image capture system of claim 46, Wherein said 
pixels are arranged into a tWo dimensional array of roWs and 
columns, and Wherein the image sensor further includes: 

control means for selecting one pixel column for pixel 
value reset; 

control means for selecting at least one pixel column for 
data value readout; and 

readout means for conversion of pixel roW data into 
digital values. 

61. The image capture system of claim 60, further includ 
ing control means for the image processor to independently 
control pixel columns Whereby one or more columns of 
pixel values can be reset and read out. 

62. The image capture system of claim 60, further includ 
ing control logic Which generates a sequential readout 
pattern for image pixel data transfer to the image processor. 

63. The image capture system of claim 60, further includ 
ing control means Which can replace one or more pixels of 
stored data, acquired from an image column, With data 
responsive to data from the same image column acquired 
from a previous interrogation cycle. 

64. The image capture system of claim 60, further includ 
ing control means Which can replace one or more pixels of 
stored data, acquired from an image column, With data 
responsive to data from the same image column acquired 
from a subsequent interrogation cycle. 

65. A method of operating an image capture system 
including an image sensor having a plurality of photo 
sensitive pixels that individually can be non-destructively 
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interrogated and an image process to perform computation 
on image pixel data from said interrogations, the method 
comprising: 

exposing the pixels for an exposure interval during Which 
the sensor is continuously illuminated and sensitive to 
said illumination, Wherein said pixel exposure interval 
begins folloWing a pixel reset action and ends preced 
ing the next pixel reset action; 

non-destructively interrogating the pixels a plurality of 
times during said exposure interval; 

transferring the image pixel data from said interrogations 
to the image processor as said pixels are interrogated; 
and 

performing computations on said received data as said 
data is received, Wherein said computations are respon 
sive to image pixel data acquired from previous inter 
rogations to provide image pixel data With increased 
dynamic range 

66. The method of claim 65, Wherein said pixel exposure 
interval is equal to the time immediately folloWing a pixel 
reset action to the time immediately preceding the next pixel 
reset action. 

67. The method of claim 65, Wherein said pixels are 
arranged into a tWo dimensional array of roWs and columns, 
and Wherein the image sensor further includes: 

control circuitry to select at least one pixel roW for pixel 
value reset and to select at least one pixel roW for data 
value readout; and 

readout circuitry to convert pixel column data into digital 
values. 

68. The method of claim 67, Wherein the image sensor 
further includes circuitry to independently control pixel 
roWs, Whereby one or more roWs of pixel values can be reset 
or read out. 

69. The method of claim 68, Wherein the control circuitry 
generate a sequential readout pattern for image pixel data 
transfer to the image processor. 

70. The method of claim 65, Wherein the image capture 
system further comprises a memory unit for retaining pixel 
data acquired at said tWo or more times during a pixel 
exposure interval. 

71. The method of claim 70, further comprising: 
replacing, by the control circuitry, of stored data for one 

or more pixels With data for the same one or more 

pixels acquired from a previous interrogation of said 
tWo or more times during a pixel exposure interval. 

72. The method of claim 70, further comprising: 
replacing, by the control circuitry, of stored data for one 

or more pixels With data for the same one or more 

pixels acquired from a subsequent interrogation of said 
tWo or more times during a pixel exposure interval. 

73. The method of claim 70, further comprising: 
replacing, by the control circuitry, of stored data for one 

or more pixels acquired from an image roW With data 
for the same image roW acquired from a previous 
interrogation of said tWo or more times during a pixel 
exposure interval. 

74. The method of claim 70, further comprising: 
replacing, by the control circuitry, of stored data for one 

or more pixels acquired from an image roW With data 
for the same image roW acquired from a subsequent 
interrogation of said tWo or more times during a pixel 
exposure interval. 
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75. The method of claim 70, further comprising: 
determining by the control circuitry if a pixel’s data 

acquired at a ?rst of said times exceeds a threshold and 
if so, causes said pixel’s data acquired at a ?rst of said 
times to be ignored and stored pixel data acquired at a 
second of said times to be preserved, Wherein the 
second of said time is prior to the ?rst of said times. 

76. The method of claim 65, Wherein the image capture 
system further includes control circuitry to independently 
control roWs of said sensor pixels, Whereby pixel values can 
be reset and read out, the method further comprising: 

assembling by said processor, using data from an image 
roW interrogated at tWo different values of said times 
during a pixel exposure, a composite image roW With 
increased dynamic range. 

77. The method of claim 65, Wherein the image capture 
system further includes: 

control circuitry to generate a sequential readout pattern 
for image pixel data transfer to the image processor, 
Wherein the interrogation time to Which said image 
pixel data transfer corresponds to is employed to iden 
tify the portion of the exposure interval during Which a 
pixel has been exposed to light. 

78. The method of claim 77, Wherein said control circuitry 
is incorporated Within the image processor. 
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79. The method of claim 65, Wherein said pixels are 
arranged into a tWo dimensional array of roWs and columns, 
and Wherein the image sensor further includes: 

control means for selecting one pixel column for pixel 
value reset; 

control means for selecting at least one pixel column for 
data value readout; and 

readout means for conversion of pixel roW data into 
digital values. 

80. The method of claim 79, Wherein the image capture 
system independently controls pixel columns Whereby one 
or more columns of pixel values can be reset and read out. 

81. The method of claim 79, Wherein the image capture 
system generates a sequential readout pattern for image 
pixel data transfer to the image processor. 

82. The method of claim 79, further including replacing 
one or more pixels of stored data, acquired from an image 
column, With data responsive to data from the same image 
column acquired from a previous interrogation cycle. 

83. The method of claim 79, further including replacing 
one or more pixels of stored data, acquired from an image 
column, With data responsive to data from the same image 
column acquired from a subsequent interrogation cycle. 

* * * * * 


